ABSTRACT. Reactive oxygen metabolites have been implicated in the pathogenesis of lnucosel injury induced by ischemia-reperfusion in adult animalq with recent interest centering on the capacity of polymorphonucleer neutrophilderived oxidants to mediate this injury. A role for oxidants has also been postulated in the etiology of neonatal necrotizing enterocolitis. Based on evidence that the intrinsic capecity of the neonatal piglet intestine to detoxify hydrogen peroxide (H202) is minimal relative to that of older piglets, we characterized the changes in mucosal permeability induced by luminal perfusion with H 2 a and hyp* chlorous acid st concentrations that can be produced physiologically by activated neutrophils (0.05 mmol/L, 0.1 mmol/L, and 0.5 rnmol/L), in the distal ileum of 1-d-and 1-mo-old piglets. Mucosal permeability was quantitated by measurement of blood-tdumen clearance of 51-labeled chromium EDTA. Luminal perfusion with either I4202 (0.05 mmol/L and 0.1 mmol/L) or hypochlorous acid (0.1 mmol/L and 0.5 mmol/L) significantly increased mucosal permeability in newborn piglets but did not affect mucosal permeability in 1-modd animals. Perfusion with 0.5 mmol/L H t 0 2 significantly increased mucosal permeability over control values in both age groups, but injury in the newborn intestine was significantly greater than that observed in 1-mo-old animals. Thus, as predicted by the reduced intrinsic capacity of the mucosa of neonatal piglets to detoxify Hz02, the ileum of newborn piglets is more vulnerable to oxidant-induced mucosal injury than is the ileum of older animals. (1 1-1 3) . Finally, intestine is predisposed to H202-induced cell injury due to the absence of catalase activity, low glutathione peroxidase activity, and high basal SOD activity. Because the product of SODcatalyzed dismutation of superoxide is Hz02 and oxygen, one would expect higher fluxes of Hz02 within the neonatal piglet enterocyte than in that of older animals. Thus, the objective of our study was to determine whether the neonatal intestine is more susceptible to mucosal injury induced by physiologic levels of H202 and HOCl, as predicted by the decreased mucosal antioxidant capacity of newborn ileum (22-24).
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MATERIALS AND METHODS
Hampshire/Yorkshire piglets of either sex, ages 1 -d-old (n = 17, 1.2 k 0.2 kn) and 1-mo-old (n = 10, 7.4 4 2.1 kn) were A considerable quantity of experimental data supports the hypothesis that reactive oxygen metabolites mediate the microvascular and mucosal permeability changes encountered after reperfusion of ischemic intestine in adult animals (1-7). The potential for reactive oxygen metabolites to induce injury is dependent upon several factors. First, a source of these toxic oxygen species must exist. The two major sources of oxygenderived free radicals in adult intestine are xanthine oxidase (8) studied. one-d-zd piglets were n&er nuked (n = 15) & were fasted for 16 h (n = 2) before the experiment. Onemo-old animals were fasted for 24 h.
Sekrgical procedure. After intramuscular injection with ketamine hydrochloride (20 rng/kg), and xylazine (2 mglkg), the animals were anesthetized with i.v, pentobarbital sodium (1 5 mgjkg) and anesthesia was maintained throughout the experiment with additional doses of pentobarbital sodium ( 5 mglkg) as needed.
OXIDANT-INDUCED 1NCREASES IN MUCOSAL PERMEABILITY
into the left carotid artery to monitor systemic blood pressure and into the right jugular vein for administration of pentobarbital and maintenance of hydration. Body temperature was maintained at 38'C.
The abdomen was opened through a midline incision and the renal vessels were ligated to prevent urinary excretion of "Cr-EDTA (New England Nuclear, Boston, MA). Loops of ileum, approximateIy I5 crn in length, were isolated, cannulated at both proximal and distal ends, and flushed with warm lactated Ringer solution. The intestine and abdominal contents were subsequently covered with plastic wrap to prevent evaporative water loss.
Experit?lenral protocol. The cannulated ileal segment was perfused with warm lactated Ringer solution at a rate of 1 mL/rnin. 5'Cr-EDTA was injected i.v., such that plasma cpm were at least 25 000/rnL (1 00-150 &i/kg). Thirty min were allowed for tissue equilibration of the 51Cr-EDTA, after which 0. Calcular ion of '' Cr-ED TA clearance. The plasma-to-lumen clearance of EDTA was calculated as follows:
(perfusate cpm/mL)(~rfusion rate)(I 00) Clearance = (plasma cpm/mL)(wt of ileal segment in g) where clearance is expressed in mL-min-I -I00 g-'.
Data analysis. All values are expressed as mean & SEM. Clearance values were evaluated with age group and perfusate (fora given concentration) as the main effects by use of a repeated measures (over time) ANOVA. If the ANOVA revealed differences within or between age groups, the significance of individual data points was evaluated by use of Duncan multiple range tests (SAS Institute Tnc., Cary, NC). Differences were considered significant at p < 0.05.
RESULTS
Within age groups, perfusion of the ileal lumen with lactated Ringer solution for 240 rnin did not significantly alter ileal mucosal permeability measured using blood-to-lumen clearance of "Cr-EDTA in either 1-d-or I-mo-old piglets. Likewise, in ileal loops from 1-mo-old piglets, mucosal permeability was not significantly increased over control with any concentration of HOCl or with H202 (except for a small, but significant increase with the highest concentration of 0.5 m M HzOa). In contrast, perfusion of the ileal lumen of 1 -d-old piglets with 0.1 rnrnol/L and 0.5 mmol/L concentrations of HlOz and HOCl (Fig. 1A and   B ) resulted in significant increases in "Cr-EDTA clearances compared with control values. Although luminal perfusion with 0.05 mmol/L H207 demonstrated a trend toward increased permeability in I-d-old intestine (Fig. IC) , it did not reach statistical significance.
Evaluation of between-group differences showed that lurninal. perfusion with 0.5 rnmol/L H20z and HOCl (Fig. 1A) and 0.1 mmol/L H 2 0 2 (Fig. I B) led to significantly greater EDTA clearance in newborn intestine compared with that in 1-mo-old animals (for an equivalent concentration of perfusate). Perfusion with 0.1 m M HOCl caused no significant differences in rnucosal permeability in I d -and 1-mo-old animals.
Comparison of equimolar concentrations of H102 and HOCl (Fig. 1A, 0 .5 mrnol/L and B, 0.1 rnmol/L) illustrates that luminal perfusion with H202 led to significantly greater injury to newborn intestine than did HOCl. There was no significant difference in
